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When extracting data from the earlier of the two papers by Mr. Ellis* 
already mentioned, I found that he had there advanced evidence— 
though he seems hardly to have considered it conclusive—that the 
difference between the Greenwich declination and horizontal force 
ranges in years of many and few sunspots was not the same in different 
seasons of the year. Converted into exact mathematical language, this 
would imply the variability of b throughout the year. If I had been 
aware at the time of Mr. Ellis’s remarks on this point I should have 
referred to them in my preliminary notef on this subject. 
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The properties of vitreous silica suggest that it is not unlikely to 
play an important part in optical work. Its composition is definite, 
that is to say, it is not liable to those minute variations which make 
it impossible, we believe, to produce with certainty two meltings of 
glass which exhibit no sensible difference in their optical properties 
when tested by a first-rate spectrometer. Hardly any corrosive fumes, 
except those of fluorine and hydrogen fluoride, attack silica, and it 
is indifferent to most ordinary solvents. It is as transparent to ultra¬ 
violet radiations as quartz, but is not doubly refracting like that 

substance. And though it is a little difficult to prepare vitreous 

silica in large masses, this difficulty can be surmounted, and the 
supply of the substance is not limited like that of fluorite. In short, 
vitreous silica places at our disposal a really standard glass. The 
refractive index of the new glass is low, it approaches that of fluorite. 
Its dispersive power is sensibly greater than that of quartz. 

The measurements given in this paper were made with a prism 
having faces 41 mm. high by 32 mm. wide, and angles of 60° 

approximately. The mass of silica from which this prism was cut 

was made under the supervision of one of us in conjunction with 
Mr. H. G. Lacell, to whom our thanks are due. As it was our object 
to produce a standard substance for optical work, no care was spared 
at this stage. In making the mass of silica the spectroscopic traces 
of lithium and the traces of sodium which occur in quartz were burnt 
out as completely as possible in the oxy-gas flame. The prism itself 
was built up from many hundreds of fine rods of vitreous silica, 
prepared specially for this purpose by a process which has been 

* ‘ Phil. Trans.,’ for 1880. 
f ‘ Roy. Soc. Proc./ vol. 71, p. 221. 
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described previously.* These rods were applied when softened by 
heat to one end of a thicker rod of silica and gradually melted 
into the larger mass, the larger mass itself being maintained in a 
semi-molten state during the operation about the part where the 
addition was made by means of a powerful combination of four 
“ mixed gas ” oxy-gas flames. The process occupied many days, and 
in order to secure uniformity in the finished block, the whole was 
heated throughout after every interval in the process as thoroughly 
as possible before further additions were made. During the whole 
process the greatest care was taken to preserve the silica from dust 
and even from contact with the workman’s hand. The complete 
absence of particles of foreign matter is of great importance, since they 
would be apt to cause the silica to devitrify during annealing. 

The large mass of silica thus prepared was found to be not quite 
homogeneous when the prism cut from it was examined in the spectro¬ 
meter. Therefore, it was afterwards securely sealed up in a case 
made of thick platinum foil to protect it from dust, and heated in an 
oxy-hydrogen furnace till pieces of platinum wire placed near it in the 
furnace began to melt. To allow time for the heat to penetrate the 
silica, which is not a good conductor, the process was prolonged so 
that the silica was kept at a temperature not far below the maximum 
for several hours. It w;as then gradually cooled down by slowly 
reducing the flame of the furnace during 5 or 6 hours, and finally left 
to fall to the ordinary temperature after all the openings of the furnace 
had been closed. 

As it did not seem safe to assume that one prism of silica so 
prepared would be identical in its optical properties with another, 
a second prism was constructed in quite a different way. This second 
prism was a compound prism. It consisted of four flat prisms 
cemented together one above the other. This compound prism had 
angles of approximately 60°, and its faces were 56 mm. high by 
38 mm. wide (see fig. below). It was made from four slabs of silica 
prepared by Messrs. Baird and Tatlock. The workman, a trust¬ 
worthy man, was told that each slab must be reheated till plastic 
throughout after it was built up. He worked without any supervision 
from us, and the results show that a uniform material may be obtained 
from silica without any difficulty and without any other precautions 
than those which a careful workman may be trusted to take. The 
four slabs of silica were rough ground into four prisms, cemented 
together, and a single prism was cut from the mass and finished by 
Mr. Hilger. 

When the compound silica prism was tested in the spectrometer, we 
found that its performance generally was not to be distinguished from 
that of the simple prism used for the measurements given in the table, 
# ‘ Nature,’ to!. 62, p. 20, and rob 64, p. 45. 
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although the prism consisted of no less than four distinct masses of 
silica from four separate meltings. 

We do not know whether a similar result could he obtained in 
the case of separate specimens of glass from different meltings. But 
we think not, for we found on a trial that a compound prism of 



Schott’s borosilicate flint (No. 0*364), made from four pieces of glass 
taken from different parts of the same melting , gave a much less 
satisfactory spectrum than the compound prism made from four 
separate meltings of silica. When the two prisms were compared in 
the spectrometer, the D line given by the glass prism presented itself 
as a bundle of six lines,* whilst that given by the silica prism was 
normal, the D line being sensibly divided. 

Measurements of Refractive Index. 

Measurements of the refractive indices have been made with the 
same goniometer, by the same method, and for the same wave-lengths 
as those previously given in the case of fluorite, quartz and calcite,f 
and the same tests have been applied. 

Errors due to the Method .—No one of the angles of the prisms differed 
from 60° by as much as V of arc, and the error is therefore in the 
tenth place of decimals.! 

* The measurements of the mean D line for the components of the glass prism 
wereNos. 1 and 4 * 1*5757374, No. 2 = 1*5757179, No. 3 - 1*5757978. 

f ‘ Roy. Soc. Proc.,’ February 13, 1902. 

J See note by Dr. R. T. Glazebroob, loc. cU. 
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Focal Curve .—The curve shown (p. 204), is that for a thin doublet of 
fluorite achromatised by vitreous silica (vitrified quartz). It will be 
seen that the focal length of the combination is almost independent of 
the wave-length. A list of focal lengths is also given (Appendix I). 

Measure of Error .—The approximate estimate of the error from 
group deviations before referred to,* shows that of the 26 final 
deviations:— 

In' 6 of them the error is less than 0"*667, 

,, 7 ,, ,, ,, 1 *333, 

„ 8 „ „ „ 2"*667, 

„ 4 „ ,, more „ 2"*667, 

„ 1 only „ is as much as 9"*514, 

the respective and corresponding variations of the index being— 

0*0000022 

0*0000045 

0*0000089 

0*0000286 

As additional evidence of accuracy, it may be 
mentioned that the first measurement of line D 
was made with the larger prism in May, 1902, 


the index being... 1*4584772 

The other prism mentioned above, built up of four 
separate small prisms of different meltings, 
cemented and ground all together, was pro¬ 
duced in April, 1903, and gave an index of ... 1*4584830 

The difference of the two readings being . 0*0000058 


A similar comparison of measurements from both prisms of the 
3? line shows a difference of 0*0000103. 

The coincidence of the four lines given by the four small prisms, of 
which the latter was built up was perfect, the definition being equal 
to that of the first prism. The D Lines were in both cases seen 
distinctly separated. 

Probable Accuracy of the Indices.— The prisms were comparatively 
small and contained numerous bubbles.! Lor this reason the accuracy 
•of the indices is not so great as of those of ordinary quartz already 
given.! But the indices of vitreous silica may be taken as correct 
to the fourth decimal place, and it is believed that in almost all 
-cases the error does not exceed unity in the fifth place and in many 
does not exceed five in the sixth. 

* Loc. cit. 

f This defect is not inherent in the material and will doubtless be eliminated as 
•experience is acquired. 

! Loc. cit. 
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Interpolation .—In four cases alternative indices obtained by interpola¬ 
tion have been given. They are probably more correct for the wave¬ 
lengths taken and make a smoother curve. 

The results of the observations are given in the following table of 
refractive indices. The partial and proportional dispersions of fluorite 
and vitreous silica are given in Appendix II. 


Refractive Indices of Yitreous Silica. 


Wave-length. 

Index. 

Wave-length, 

Index. 


7950 (Bb) ... 

1*453398 

2748 -68 (Cd) .... 

1*496131 i 

A' 

7682*45 (K a ) ... 

1*4538915 

2573 *12 „ .... 

1*503707 ! 

B' 

7065 -59 (He)* .. 

1*455180 

2445 -86 (Ag) .... 

1*51096 

C 

6563*01 (H.) ... 

1 *4564147 

2312-95 (Cd) .... 

1 *519373 

D 

5893-17 (Ha) .. . 

1 -4584772 

2265 *13 „ .... 

1 *523053 j 

A 

5607 -1 (Pb) ... 

1 *459507 

2194 *4 „ .... 

1*529103 ! 

E 

5270*11 (Fe) ... 

1 *4609945 

2144 *45 „ f- 

1 -533898 

F 

4861 -49 (H^) ... 

1*463165 

2098*8 (Zn) .... 

1 -538547 

G-' 

4340*66 (H y ) ... 

1*4668500 

2062*0 „ .... 

1-54271 

IT 

396L *68 (Al) . .. 

1*470542 

2024*2 „ X _ 

1-54721 


3610 *66 (Cd) . .. 

1*475112 

1988*1 (Al) .... 

1 -551990 


3302 *85 (Zn) . .. 

1*480610 

1933*5 >} §.... 

1 -55998 


8034*21 (Sn) ... 

1 *486881 

j 1852*2 „ .... 

1 -5743 


Temperature Refraction coefilch 

nt for D for 1° C. *-0*000( 

10346. || 


Note .—The number of figures in each index indicate the estimated freedom from 
errors of observation. The following interpolated indices (see focal curves) are in 
all probability more correct for the wave-lengths given— 


* 1 '45516. f 1 *53392. J 1 *54728. § 1 ‘56003. 

Communicated on March 3, 1904, in reply to a question by Dr. Watson. 


In conclusion we desire to record the fact that though the cost of 
the experiments now described was not provided from the Government 
Grant Fund, yet this work has sprung from earlier work which was 
so assisted. 
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Appendix I. 

Table giving the Focal Lengths in Metres of a Compound Lens 
of Fluorite and Vitreous Silica, achromatisecl for Wave-lengths 7950 
and 1852. 


Radii —E = 0*38733, S = 0*20351, R' = S, S' = co. R, S, R', S' 
refer to the surfaces of the two lenses. 


Wave-length. 

Focal length. 

Wave-length. 

Focal length. 

7930 

1 *00000 

2749 

0 -99250 

7682 A' 

1 -oooio 

2573 

0 -99143 

7066 B' 

1 -00045 

2446 

0 99054 

6563 C 

1 -00070 

2313 

0 99055 

6893 D 

1 *00086 

2265 

0 -99078 

5607 

1 -00059 

2194 

0 -99120 

5270 E 

1 -00017 ! 

2144 

0 -99151 

4861 F 

0 -99983 

2099 

0-99174 

4341 G' 

0 -99874 

2062 

0-99205 

3962 H' 

0-99743 

2024 

0-99258 

3611 

0-99653 

1988 

0-99360 

3303 

0 -99558 

j 1933 

0-99490 

3034 

0-99409 

1852 

1-00000 
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G-iven in error as 97 *493 in the previous paper. 









